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Astragalus Polysaccharides Enhance the Immune Response 

to Newcastle Disease Virus Vaccination in Chickens 
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Abstract 

   This study was conducted to evaluated the effects of Astragalus polysaccharide on 

immune responses of chickens immunized with NDV Lasota  vaccine. One hundred 

chickens at one-day-old( Ross breed) were brought , on five day of age, the average 

maternal serum Abs was measured by  hemaglutination inhibition  (HI) test and the titer  

was 3.43 log, and then divided into five equal groups in each group twenty chicks and on 

day 10 of age the Astragalus polysaccharide high concentration  (APSH) group were 

given 0.5 ml at 400mg /100ml , the Astragalus polysaccharide medium concentration 

(APSM )group were given 0.5 ml at 200mg /100ml, the Astragalus polysaccharide low 

concentration  (APSL) group were given 0.5 ml at 100mg /100ml , Vaccine control (VC) 

group were  given 0.5 ml normal saline only, Negative control (NC ) group were  given 

normal saline only , all groups orally administrated for four days. At 14 day of age,  all 

chickens with the exception of NC group , were vaccinated with ND Lasota  by 

Intraocular and Intranasal methods.  Four blood sample from all groups were aspirated 

from jugular vein at 0h (before vaccination),6h,12h and 24h(after vaccination ) for 

determine of Chicken IL-6(Interleukin 6) by RT-PCR. On day 20and 30 of age after 

vaccination  , three chicken were sampled randomly from each group to detect specific 

serum  Antibody titer of  NDV by  HI test. On days 1,7,14,21after vaccination,  four 

serum Samples from the same of chicken to determines IgA level by sandwich  ELISA 

test. The cellular and humeral response including the production of cytokine IL-6 ( by 

RT-PCR test) were measured on 0h(before vaccination),6h,12h and 24h( after 

vaccination )and IgA antibody ( by ELISA test ) were measured on 1d,7d,14d,and 21days 

after vaccination  and serum antibody titer Specific to NDV( by HI test ) were measured 

at age 20, and 30 days after vaccination evaluated by series of experiments. Results 

revealed that all the polysaccharide groups were numerically increased in antibody levels, 

the expression of IL-6and IgA level ,but three parameter were significant (𝑃 < 0.05) in 

the APSH group compared to corresponding (VC) vaccinated  group and( NC) non –

vaccinated group. These results suggest that orally administered APS could significantly 

enhance the efficacy of NDV vaccination and has important implications for the further 

use of APS as a novel adjuvant. 
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1. Introduction 

      Newcastle disease virus (NDV), is regarded as one of the two most devastating 

diseases of poultry with the characteristics of serious disease and high flock mortality (1) 

there were no effective drugs to treat this disease and the main method to control ND was 

vaccination (2). Despite routine vaccination programs, outbreaks of ND have frequently 
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occurred in Iraq (3) and still hard to control due to the variation of strain , the inferior 

quality or improper conservation and transportation of vaccines, or the occurrence of 

immunosuppressive disease. It is considered that the application of vaccine with 

immunopotentiator could improve the efficacy of vaccination. (4). 

     Astragalus polysaccharides (APS), which are active ingredients extracted from the 

Chinese medicinal herb Astragalus, were shown to have multiple biological activities, 

including immunomodulatory (5), anti-inflammatory (6), and antiviral effects(7).   APS is 

widely used as an immune adjuvant; having been identified as a class of macromolecule 

that can profoundly affect the immune system, stimulate cell proliferation, induce the 

expression of surface antigens on lymphocytes, affect the expression of cytokines, and 

promote the production of antibodies( 8). Interleukin-6 is a multifunctional cytokine that 

plays a major role in regulating immune responses and acute-phase reactions (9). 

Interleukin-6 is produced by many different cell types and acts on B lymphocytes (10), T 

lymphocytes ,hepatocytes (11). Astragalus polysaccharides commonly used in Chinese 

medicines to enhance the immune response demonstrated slight improvements in the 

humoral immune response to NDV vaccination with or without sulfation(12). 

    IgA is considered as provides potent immunity against a large number of viral 

infections(13). In a previous study, it was reported that APS possess effective 

immunestimulatory effects when used in vaccination programs against Foot and mouth 

disease virus (FMDV), Avian influenza (AI) and Infectious bursal disease virus (IBDV) 

(14, 15 )Therefore, the aim of this study was studied how APS affected  antibody titer , in 

mRNA expression of IL-6, and in IgA level. 

 2-Materials and methods 

 2.1. APS, and ND vaccine 

   APS (net content, 98%) was purchased from China and was dissolved in saline at a 

concentration of 400 mg/100mL ,200mg/100ml ,100mg/100ml to administrate 0.5 ml to  

study groups by orally gavage for four consecutive days  (16). ND vaccine, Live 

attenuated Newcastle virus vaccine contains Lasota strain(Cevax® New L- France). 

2.2. Animals 

   One hundred -1-day-old( Ross,308) breed broilers were purchased from Al-Shuker 

hatchery located in Abu Ghraib area to carry out this experiment. The experiment was 

done in poultry Farm of the  avian pathology unit in the College of( Veterinary Medicine 

in Baghdad University ,Iraq ). All chicken were bred in wire cages in an air-conditioned 

room maintained at 37 C and lighted for 24 h during the pretrial period. Then, the 
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temperature was gradually decreased to room temperature, and the lighting period was 

changed to 12 h per day. Chickens were fed with commercial starter diet. At day five of 

age measured maternal Abs specific ND virus by HI assay and was the average Abs 

3.43log2   

2.3. Experimental design 

   The aforementioned 100 avian broilers were randomly divided into 5 groups  of 20 

birds each : three oral APS groups, one vaccine control group (VC) and one non-

vaccinated negative control group (NC). At ten days old three groups were given 0.5 ml  

orally administered different concentration  of  Astragalus polysaccharide (high, 400 

mg/100mL ;medium,200mg/100ml ;low 100mg/100ml), referred to as: APSH, APSM, 

and APSL, respectively, while, two other groups were given 0.5ml normal saline , once a 

day for 4 successive days. All chickens with the exception of NC group were vaccinated 

with ND Lasota vaccine (0.03 ml) by Intraocular and Intranasal methods at age 14 day. 

Then serum sample to determine specific anti-ND antibody by HI test , blood  sample to 

determine IL-6 gene expression by RT-PCR and   serum sample to determine IgA level 

by sandwich ELISA test.  

2.4. Detection of specific anti-ND antibody by HI assay 

Blood samples (1.0 ml per chick) , Three from each group were drawn into Eppendorf 

tubes from the jocular  vein of chicken and allowed to clot at 37 C for 2 h. The serum was 

separated by centrifugation and stored at 20 C for HI antibody assay. Briefly, after the 

serum was inactivated at 56 C for 30 min, twofold serial dilution were made in a 96-well 

V-shaped bottom microtiter plate containing 25 µl of normal saline in each well, then 25 

µl of NDV antigen (4 HA units) was added into all the wells except for the last row as the 

controls. Serum dilutions ranged from 1:2 to 1:2048. The plate was incubated at 37 C for 

10 min, then 25 µl of 1% rooster erythrocytes suspension was added to each well and 

continued to incubate for 30 min. A positive serum, a negative serum, erythrocytes and 

antigens were also included as controls. The highest dilution of serum caused complete 

inhibition was considered the endpoint. The geometric mean titer was expressed as 

reciprocal log2 values of the highest dilution that displayed HI (17). 

2.5. Real time quantitative RT-PCR (one-step RT-qPCR) 

The total RNA was extracted from blood  using Trizol reagent ,blood  samples(four  from 

each group) according to the protocol of TRIzol™ Reagent(Thermo Scientific ,USA). 

Reverse transcription and qPCR reaction were achieved in a single tube by using 

LyoMix-RT-qPCR . One-Step protocol according to The IL-6 chicken GeneExpres RT-
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qPCR  kit was provided from Genetic PCR Solutions™,  (Spain) Company. 

Interpretation of results by Copy number = 10 (Ct-Yinter))/( Slope) . 

2.6. determined  of  serum IgA level  

    Serum samples ,four sample from each group ,were harvested from the five groups of 

chickens . On days1,7, 14, and 21 after the immunization for  IgA level assay . Total 

serum  IgA level  was measured with double antibody sandwich ELISA kit (My 

Biosource , USA) according to the manufacturer's instructions. The optical density (OD) 

at 450 nm was measured in a micro plate reader . 

2.7.Statistical analysis 

    The Statistical Analysis System- SAS (2012) program was used to detect the effect of 

difference factors in study parameters. Least significant difference –LSD test (Analysis of 

Variation-ANOVA) was used to significant compare between means in this study. 

3-Results 

3.1. Effect of APS on Antibody titer determined by HI assay 

    The mean titer of maternal specific serum antibody to NDV by using HI test at day fife 

of age was 3.43 ,therefor  vaccination at old 14 day .The dynamic changes of serum 

antibody response to NDV  vaccination in different groups of chicken on age 20 ,30 days  

after  vaccination are shown in Fig.1.  On age 20 days , antibody response of  vaccinated 

groups  increase but with no  significant  different ,while in APSH group was 

significantly increase (p<0.05) than all the other groups (  APSM, APSL ,VC, NC) 

groups and no significant different (p<0.05)  among ( APSM, APSL ,VC, NC ) groups. 

On age 30 days  post-vaccination, the titer Abs in APSH group was significantly higher 

(p<0.05)than ( APSM, APSL, VC, NC )  groups , while  in APSM group and APSL 

group with  significantly higher (p<0.05) than  NC  group and no significant different 

(p<0.05) from  VC  group and the titer Abs  of  VC group with  significantly higher 

(p<0.05) than  NC  group . 
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Figure(1): Effect APS(Astragalus polysaccharide) on Antibody titer at age 20,30 days  post 

vaccination 

(superscripts with different letters (a,b,ab)differ significantly ((P≤0.05). 

APSH=Astragalus polysaccharide high concentration  (400mg/100ml) group. 

APSM=Astragalus polysaccharide Medium  concentration  (200mg/100ml ) group. 

APSL=Astragalus polysaccharide Low concentration (100mg/100ml APSL) group. VC= 

vaccinated control group. NC= non- vaccinated negative control group 

3.2. The effect of APS on IL-6 expression 

   The gene expression of  IL-6  was  analyzed using RT-PCR, as shown in Figure 2. On 

Zero hour before vaccination and six hour after vaccination, gene expression of IL-6,with  

no significant different (p<0.05)  among the five study groups( APSH, APSM, APSL, VC 

,NC).On12 hour after  vaccination, IL-6 gene expression in VC group was  numerically 

greater than NC group but with no significant different ( p<0.05) and  in APSH group and 

APSM group higher than VC group with no significant different ( p<0.05)  but were  

significantly higher than that in NC group (P < 0.05) . The expression of IL-6 gene  in 

APSL group was no significant different ( p<0.05) than VC group. On 24hour after 

vaccination , the gene expression of IL-6 value in VC group  increase with  no significant 

different( p<0.05) than NC group  , and in the three APS groups(APSH,APSM,APSL)  

,the IL-6 expression were increased, but with  no significant differences among the three 

APS groups (P <  0.05), and  only those of the APSH group were significantly(P < 0.05)  

larger than those in VC and NC group, and in APSM group  was significantly higher than 

that in NC group (P < 0.05). 
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Figure (2):Effect  of APS on IL-6 gene expression by RT-PCR .at(0h)before vaccination 

while on 6h,12h,24h groups after vaccination. 

(superscripts with different letters (a,b,ab)differ significantly ((P≤0.05). 

APSH=Astragalus polysaccharide high concentration  (400mg/100ml) group. 

APSM=Astragalus polysaccharide Medium  concentration  (200mg/100ml ) group. 

APSL=Astragalus polysaccharide Low concentration (100mg/100ml APSL) group. VC= 

vaccinated control group. NC= non- vaccinated negative control group 

3.3. The effect of APS on IgA level 

   As shown in Figure 3, the serum IgA level(ng/ml)  was analyzed using  ELISA. On day 

1 after immunization, the serum IgA levels of all  APS treated groups were  with no 

significant different  (𝑃 > 0.05) from VC group and NC. On day 7 after vaccination , 

serum IgA level(ng/ml)  in  the three APS groups (APSH,APSM,APSL) were increased, 

but only those of the APSH group were significantly (P < 0.05) larger than those in VC 

group and NC group. On day14( after vaccination ), serum IgA level(ng/ml) in APSH 

,APSM,APSL and VC  groups  were  significantly (P < 0.05) higher than those in NC 

group ,but  the values in  APSH group were significantly (P < 0.05) higher than  those in 

VC  group and were significantly (P < 0.05) higher than those in APSM group  and 

APSL group.    On day 21 after vaccination , serum IgA level( ng /ml ) in  APSH group  

and APSM group were significantly (P < 0.05) higher than those in VC group and NC 

group , but the value in APSL were significantly (P < 0.05) higher than those in NC 

group only, and  serum IgA level  in VC group was significantly (P < 0.05) higher than  

NC group ,and when compared among  the values of serum IgA level in three treated 
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APS groups only  those in APSH group were significantly (P < 0.05) higher than those in 

APSM group  and APSL group . 

 

Figure (3): Serum concentration of IgA(ng/ml) among experimental groups determine by 

ELISA at different time after vaccination 

(superscripts with different letters (a,b,ab)differ significantly (P≤0.05)). 

APSH=Astragalus polysaccharide high concentration  (400mg/100ml) group. 

APSM=Astragalus polysaccharide Medium  concentration  (200mg/100ml ) group. 

APSL=Astragalus polysaccharide Low concentration (100mg/100ml APSL) group. VC= 

vaccinated control group. NC= non- vaccinated negative control group 

5.Discussion 

     The changes of serum antibody titer in poultry reflected the state of humeral immunity 

(18). Serum HI Ab titer is a valid indicator of the humoral immunity in chickens (19) The 

high level of antibody titer has always been associated with better protection against ND 

(12). The result of this study indicate that HI antibody titer of maternal derived antibody 

in serum of chickens at five days of age was 3.43 log2 , these results may explain that 

breeders might to previously vaccinated by live attenuated and inactive NDV vaccines for 

many times which eventually gave a high titer of IgY in the sera of breeders(20). chicks 

at one to three days of age have circulating antibodies in similar concentrations to those 

found in dams then the titers fall to be undetectable level by 14-30 days , according to 

this reason in the present study , the vaccination performed in day 14th  of chickens age,    

In this study ,the antibody titers after vaccination with ND vaccine(Lasota vaccine ) at 

day 20th  and day 30th  of age in APSH(400mg/100ml )group was higher than all the 

other groups (APSM,APSL,VC,NC) that indicate extract that synergistic or support with 

vaccine to providing protection from the disease. Chen et al  (21) reported that  APS 
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increased the NDV antibody titer in the serum of broiler chickens, and could significantly 

improve the immune efficacy of the NDV vaccine. 

     IL-6 has many functions in the regulation and coordination of the immune system, 

metabolism (22, 23). It  plays a role in the body’s defense against infection, in many 

regenerative processes (23). The results of the current study proved presence increase of 

IL-6 gene expression in vaccinated and APS treated groups (APSH,APSM,APSL) and 

VC (vaccinated group) Compared to NC( control group) at 12 hour  and 24hour after 

vaccination, this may be attributed to ability of  ND Lasota vaccine to express  chickens 

IL-6 at early response. Rue et al ( 24) indicate that many genes associated with an early 

innate host response were induced by NDV at 24 hour post infection, and that including 

the proinflammatory cytokine IL-6 . This study  recorded that on 24 hour after 

vaccination  the IL-6 gene expression of APS treated groups and vaccinated 

(APSH,APSM,APSL) were  higher than corresponding VC (vaccinated control group) 

and NC (non- vaccinated negative control group). The up-regulations of  IL-6 in the 

present study agreed with  Sun et al  (25) that higher immune responses of APS treated 

groups  after vaccination with the ND vaccine. 

       In this study , On day 1 after immunization, the serum IgA levels among of  all 

experimental groups(APSH, APSM,APSL,VC,NC) no significant difference (𝑃 > 0.05)  

due to Antibody usually appears within 6–10 days after infection  in the blood( 26) and 

this is what was found on day 7 after vaccination , serum IgA level in  the three APS 

groups(the chicken were oral administration with different concentration of 

APS(400,200,100 mg /100ml)and vaccination with ND vaccine(Lasota strain)) were 

increased, but only those of the APSH(400mg/100ml group) were significantly (P < 0.05) 

larger than those in VC (vaccinated control  group) and NC(non- vaccinated control 

group)  that indicate APSH(400mg/100ml group ) enhance  of IgA levels compere VC 

group  that vaccinated only and over time increase IgA levels that were note on  day 

14,21 after vaccination  this results agree with Shan et al (27) the results showed that oral 

administration of APS could significantly increase IgA+ cell expression in the jejunal 

lamina propria, and enhance the level of NDV specific sIgA antibodies after ND vaccine . 

Therefore, oral administration of APS could enhance the intestinal mucosal immune 

function of chickens, and APS could be used as a vaccine enhancer. 
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